This paper proposes the new European Soil Classification System (ESCS) for engineering purposes which uses soil description and symbols according to European standard EN ISO 14688-.1, and which 34 countries are bound to implement, as CEN members. ESCS is developed on principles for soil classification according to the European standard EN ISO 14688-.2, and it generally complies with guidelines defined by the USCS soil classification system in accordance with the US standard ASTM D 2487. The procedure for the use of proposed classification, and examples of comparison with the USCS classification system, are presented.
Introduction
Soil classification is a set of procedures by which a great number of different soil types existing in nature are classified into groups of similar mechanical properties and behaviours in response to the influence of load. Placing a soil that is being tested into a particular predefined group makes it easier for engineers all over the world to study and understand soil test results, and to communicate with one another, and compare results obtained in different laboratories. Classification enables rough identification of the type of material, and definition of the range in which its mechanical properties are expected to vary. Initial efforts to classify soil for engineering applications are strictly related to the classification according to the size of grains, i.e. according to the grain size composition of soil [1] . Such systems were based on soil texture i.e. on relative proportions of sand, silt and clay in the total mass of soil tested. Texture-based classifications of soil were first investigated in detail by Atterberg in the early 20 th century [2, 3] . The best known classification based on texture is the classification developed by the USDA (US Department of Agriculture) in 1938. This classification was modified on several occasions since its initial appearance [4] . It is based on the use of a triangular classification diagram [5] . This classification is nowadays more used in agriculture than in geotechnical engineering. Atterberg pointed out in his papers that textural classifications of soil can successfully be used in agriculture, but that some other clay and silt parameters must also be considered when this classification is used in geotechnical applications. Arthur Casagrande developed the ACS classification (Airfield Classification System) for the design of the US airfields during the Second World War [6] . This classification is based on the grain size distribution and consistence of coherent soil particles. The modification of the ACS classification resulted in 1952 in the creation of the USCS (unified Soil Classification System) soil classification, which is an integral part of the US standards ASTM D 2487-11 [7] . The adjustment of the ACS classification to mechanical properties of soil prevailing in the UK led in 1981 to the creation of the BSCS (British Soil Classification System) [8, 9] which is an integral part of British standards BS 5930:1999 [10] . The soil classification was similarly developed in 1988 by DIN (Deutschesprepared the soil description standard entitled: Geotechnical investigation and testing -Identification and Classification of Soil -Part 1: Identification and description (EN ISO 14688-1:2002) [12] . An amendment to this standard was adopted in 2013 (EN ISO 14688-1:2002/A1:2013) [13] . In 2004, the same committee prepared the standard on soil classification principles, which is entitled: Geotechnical investigation and testing -Identification and classification of soil -Part 2: Principles for a classification (EN ISO 14688-2:2004) [14] . An amendment to this standard was adopted in 2013 (EN ISO 14688-1:2004/A1:2013) [15] . [19] . Some older versions of the USCS soli classification, adjusted to the adopted European sieve aperture standards, were in use in Croatia until acceptance of European soil identification and classification standards. The acceptance of European standards did not result in either sudden or gradual transition to the new way of describing, indentifying, and classifying soil. This situation is due to some subjective and objective reasons. Subjective reasons lie in difficulties to accept new way of soil marking (e.g. silt is not marked as M but as Si) and in extensive local presence and availability of the US books and journals which leads to dominant use of the USCS classification. Objective reasons lie in the fact that European standards provide classification principles, rather than the full classification of soil. The possibility is left to develop a more complete classification on the national or project level based on these principles. In this situation, practical engineers are not able to conduct the soil classification in accordance with the European standard, which results in continued use of some of the earlier adopted national standards. In order to overcome these subjective and objective obstacles, the authors of the paper propose a comprehensive European soil classification ESCS (European Soil Classification System) that has been developed on the principles given in the European standard, and is generally compliant with guidelines defined in the USCS classification. The procedure for using the ESCS classification is presented, and examples for comparing soil classification results with the USCS classification are given. GRAĐEVINAR 66 (2014) 9, 801-810 European soil classification system for engineering purposes
USCS soil classification according to ASTM D 2487
According to the USCS classification, soil is divided into: coarsegrained soil, fine-grained soil, and highly organic soil. The particle size distribution of soil and consistence limits are used in soil classification. The basic idea of this classification relies on marking the soil with symbols that consist of two letters. The exceptions are cases when the soil is marked with double symbols consisting of four letters.
The first letter for the symbol for coarse-grained soil denotes the main type of soil: G -gravel S -sand
The second letter in the coarse-grained soil symbol describes characteristics of the main group: W -well graded sand or gravel, P -poorly graded sand or gravel, M -silty sand or gravel, C -clayey sand or gravel.
The first letter in the symbol for fine-grained soil denotes the main type of soil: M -silt (mjala in Swedish, silt in English), C -clay, O -organic soil.
The second letter in the fine-grained soil symbol describes characteristics of the main group: L -low plasticity, lean for clay, H -high plasticity, fat for clay, elastic for silt Highly organic soil has a two-letter symbol for the main group of soil: PT -peat. The USCS classification of soil is presented in Table 1 . In addition to Table 1 , the plasticity diagram presented in Figure 1 is also used for soil classification. 200 -0.075, then double symbols are attributed to the soil. The coefficient of uniformity, c u , and the coefficient of curvature, c c , must be calculated from the grading curve. At that, it should be established whether fine grains are clay or silt particles, which is determined from the plasticity diagram using the plasticity index and liquid limit. 7.1 The first group of symbols coincides with the group in which the gravel or sand have less than 5 % of fine grains (GW, GP, SW, SP), and the second group of symbols coincides with the group in which the gravel or sand have more than 12 % of small grains (GC, GM, SC, SM). 7.2 The group symbol coincides with the first group but it is extended by adding "with clay" or "with silt", which denotes plastic properties of fine grains. For instance, well graded gravel with clay, GP-GC, poorly graded sand with silt, SP-SM. 8. If the sand or gravel is dominant in the total mass of the soil sample, and if it contains 15 % or more of some other coarse-grained material, then the group symbol is extended by adding "with gravel" or "with sand". For instance, poorly graded gravel with sand, GP, clayey sand with gravel, SC. 9. If the soil sample in situ contains pieces or blocks or both pieces and blocks, the group symbol is extended by adding "with pieces" or "with blocks" or "with pieces and blocks". For instance, silty gravel with pieces, GM. The same is valid for fine-grained materials. 14. If 30 % or more of the total quantity of sample is retained at the sieve No. 200 -0.075 mm, then the group symbol is extended by adding "sandy" or "gravelly". The wording "sandy" is used when 30 % or more to the sample tested is retained at the sieve No. 200 -0.075 mm, and sand is the dominant coarse-grained material. The wording "gravelly" is used when 30 % or more of the sample tested is retained at the sieve No. 200 -0.075 m, and gravel is the dominant coarse-grained material. For instance, sandy lean clay, CL; gravelly fat clay, CH, sandy silt, ML. If the same quantity of gravel and sand is present, the advantage is given to the sand and the wording "sandy" is used.
ESCS soil classification according to principles given in EN ISO 14688-2
According to the proposed ESCS classification, the soil is divided into: coarse-grained soil, fine-grained soil, and organic soil. The soil grading and consistence limits are used in soil classification. In this classification, the main idea is to mark soil with symbols representing principal and secondary fractions out of which the soil is made. The principal fraction of soil determines engineering properties of soil. Secondary fractions do not determine, but they do influence, engineering properties of soil. The principal fraction of coarse-grained soils is marked with symbols composed of two letters, out of which the first one is written with capital letter:
Gr -gravel, Sa -sand.
The secondary fraction that mostly influences engineering properties of soil is marked with symbols consisting of two small letters, which are written in front of the principal fraction: saGr -sandy gravel, siGr -silty gravel, clGr -clayey gravel, grSa -gravelly sand, siSa -silty sand, clSa -clayey sand.
The second secondary fraction that influences engineering properties of soil is also marked with symbols that consist of two small letters, which are written in front of the first secondary fraction and principal fraction.
Coarse-grained soils are additionally marked to indicate the grading level. Thus, a capital letter is added after the mark denoting the principal fraction: W -well graded sand or gravel, M -medium-graded sand or gravel, P -poorly graded sand or gravel.
The principal fraction of fine-grained soils is marked with symbols composed of two letters, the first of which is the uppercase letter: Si -silt, Cl -clay, Or -organic soil. GRAĐEVINAR 66 (2014) 9, 801-810
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The secondary fraction that mostly influences engineering properties of soil is marked with symbols consisting of two small letters, which are written in front of the principal fraction: grSi -gravelly silt, saSi -sandy silt, clSi -clayey silt, orSiorganic silt, grCl -gravelly clay, saCl -sandy clay, siCl -silty clay, orClorganic clay, saOr -sandy organic soil, siOr -silty organic soil, clOr -clayey organic soil. The second secondary fraction that influences engineering properties of soil is also marked with symbols that consist If the soil contains ≥ 15% of sand, then the mark "sa" should be added in front of the group symbol, while the wording "sandy" should be added in front of the group name. E Depending on grading and plasticity, sands with 5 to 15% of fine grains are marked as follows:: siGrW -sitly well graded sand, siGrM -silty medium graded gravel, siGrW -silty poorly graded gravel, clGrW -clayey well graded gravel, clGrM -clayey medium graded gravel, clGrW -clayey poorly graded gravel.
F
If fine grains contain organic matter, then the mark "or" should be added in small letters in front of the group name symbol, while the wording "organic" should be added in front of the group name. G If the soil contains ≥ 15% of gravel, then the mark "gr" should be added in small letters in front of the group name symbol, while the wording "gravelly" should be added in front of the group name. H Depending on grading and plasticity, sands with 5 to 15% of fine grains get the following marks: siSaW -silty well graded sand, siSaM -silty medium graded sand, siSaW -silty poorly graded sand, clSaW -clayey well graded sand, clSaM -clayey medium graded sand, clSaW -clayey poorly graded sand.
I
If the soil contains ≥ 15% of coarse grained material, then the mark "sa" or "gr" should be added in small letters in front of the group name symbol, while the wording "sandy" or "gravelly" should be added, depending on which of the two materials is dominant. Meho Saša Kovačević, Danijela Jurić-Kaćunić of two small letters, which are written in front of the first secondary fraction and principal fraction. Fine-grained soils are additionally marked to indicate plasticity. Thus, a capital letter is added after the mark denoting the principal fraction: L -low plasticity, I -meidum plasticity, H -high plasticity.
The ESCS classification of soil according to principles given in EN ISO 14688-2 is presented in Table 2 . In addition to Table 2 , the plasticity diagram shown in Figure 2 is also used for the ESCS classification of soil.
Procedure for ESCS classification of soil according to principles given in EN ISO 14688-2
3.1.1. Procedure for preliminary classification of soil 1. The soil is classified as coarse-grained (incoherent soil) if more than 50 % of the total quantity of dry sample is retained on the 0.063 mm sieve. 2. The soil is classified as fine-grained (coherent soil) if more than 50 % of the total quantity of dry sample passes through the 0.063 mm sieve.
Procedure for classification of coarse-grained soil
3. The soil is classified as gravel if more than 50 % of the total mass of dry sample is retained on the 2 mm sieve (including the 0.063 mm sieve). 4. The soil is classified as sand if 50 % or more of the total mass of dry sample passes through the 2 mm sieve (including the 0.063 mm sieve). 5. If less than 5 % of the sample mass passes through the 0.063 mm sieve, then the coefficient of uniformity c u and the coefficient of curvature c c must be calculated from the grain size distribution curve. 5.1 If the coefficient of uniformity c u is equal to or greater than 15, and if the curvature coefficient is equal to 1 and not greater than 3, the soil is classified as well graded gravel, GW, or as the well graded sand, SW. 5.2 If the coefficient of uniformity c u is greater than 6 and smaller than 15, and if the curvature coefficient c c is smaller than 1, the soil is classified as medium graded gravel, GrM, or as medium graded sand, SaM. 5.3 If coefficients of uniformity and curvature do not meet criteria for well or medium graded soil, the soil is classified as a poorly graded gravel, GrP, or as a poorly graded sand, SaP. 6. If more than 15 % of the sample mass passes through the 0.063 mm sieve, the soil is considered to be a coarse-grained material with fine grains. At that, it should be established whether fine grains are clay or silt, which is determined from the plasticity diagram using the plasticity index and liquid limit. 6 If the coefficients of uniformity and curvature do not meet the criteria for well or medium graded soils, and if the pair of values (w L , I P ) in the plasticity diagram is situated below the A line, the soil is classified as a poorly graded silty gravel, siGrP, or as a poorly graded silty sand, siSaM. 8. If the sand or gravel is dominant in the total mass of the soil sample, and if it contains 15 % or more of some other coarsegrained material, then the mark "sa" or "gr" should be added in small letters in front of the group name symbol, while the wording "sandy" or "gravelly" should be added in front of the group name. For instance, saGrW -sandy well graded gravel, grSaM -gravelly medium graded sand, sasiGr -sandy silty gravel. GRAĐEVINAR 66 (2014) 9, 801-810
European soil classification system for engineering purposes 9. If fine grains contain organic matter, the mark "or" should be added in front of the group name symbol, and the wording "organic" should be added in front of the group name. For instance, orSaP -organic poorly graded sand, orclSaorganic clayey sand, orsaGrW -organic well graded sandy gravel. 10 . If the soil sample in situ contains pieces or blocks or both pieces and blocks, then this situation should be described by adding the wording "with pieces or blocks or with both" to the soil group name. The soil is classified as high plasticity silt, SIH, if the liquid limit is higher than or equal to 50 %. 13. If 15 % or more of the total quantity of sample is retained at the 0.063 mm sieve, then the mark "sa" or "gr" should be added in small letters in front of the group name symbol, while the wording "sandy" or "gravelly" should be added in front of the group name, depending on which of the two materials is dominant. If both materials are similarly represented, then the advantage should be given to sand. For instance, saCIH -sandy high plasticity clay, grSILgravelly low plasticity silt. 14. If fine grains contain organic matter, then the mark "or" should be added in small letters in front of the group name symbol, while the wording "organic" should be added in front of the group name. For instance, orSil -organic intermediate plasticity silt, orCIH -organic highly plastic clay, orsaSiL -organic sandy low plasticity silt.
Examples of comparison of ESCS classification with USCS classification
Classification examples for coarse-grained and fine-grained soils are presented in to facilitate transition from the USCS classification of soil according to ASTM D 2487 to the ESCS classification according to principles set in EN ISO 14688-2, and to place emphasis on differences in classification results. For comparison purposes, it was assumed that the same material passage percentages were obtained at the corresponding sieves which separate, according to different standards, sand from gravel, and coarse-grained materials from fine-grained materials.
Example 1
The following results were obtained by sieving: Percent passing through the 3-in (75 mm) sieve, i.e. through the 63 mm sieve is 100 %. Percent passing through the sieve No. 4 (4.75 mm), i.e. through the 2 mm sieve is 98 %. Percent passing through the sieve No. 200 (0.075 mm), i.e. through the 0.063 mm sieve is 34 %. Liquid limit and plasticlity limit amount to w L = 38 % i w P = 26 %, respectively.
Solution:
As 100 -34 = 66 % of material was retained at the sieve No. 200 (0.075 mm) i.e. at the 0.063 mm sieve, which is more than 50 % percent of the total soil mass, this is a coarse-grained soil.
As 66 -2 = 64 % of material passed through the sieve No. 4 (4.75 mm) i.e. through the 2 mm sieve, which is more than 50 % percent of the coarse-grained material (66/2 = 33 %), this material is sand. As more than 15 % of the sample mass passed through the sieve No. 200 (0.075 mm) i.e. through the 0.063 mm sieve (34 %), the soil is considered to be a coarse-grained material with fine grains. The plasticity index amounts to I P = w L -w P = 38 -26 = 12 %.
As the values of pairs (w L , I P ) presented in figures 1 and 2 are below the A line, the soil is classified as silt.
As the gravel percentage is 2 %, which is less than 15 %, the quantity of gravel does not influence the soil group name. According to the USCS classification, the soil is classified as "silty sand" and is marked as SM. According to the ESCS classification, the soil is classified as "silty sand" and is marked as siSa.
Example 2
The following results were obtained by sieving: Percent passing through the 3-in (75 mm) sieve, i.e. through the 63 mm sieve is 100 %. Percent passing through the sieve No. 4 (4.75 mm), i.e. through the 2 mm sieve is 100 %. Percent passing through the sieve No. 200 (0.075 mm), i.e. through the 0.063 mm sieve is 58 %. Liquid limit and plasticlity limit amount to w L = 49 % i w P = 28 %, respectively.
Solution:
As 58 % of material passed through the sieve No. 200 (0.075 mm) i.e. through the 0.063 mm sieve, which is more than 50 % of the total soil mass, this is a fine-grained soil. GRAĐEVINAR 66 (2014) 9, 801-810
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The liquid limit w L is greater than 35 %, and smaller than 50 %. The plasticity index amounts to I P = w L -w P = 49 -28 = 21 %.
As the values of pairs (w L , I P ) presented in figures 1 and 2 are below the A line, the soil is classified as silt. As more than 30 % of the total quantity of sample (100 -58 = 42 %) was retained at the sieve No. 200, i.e. at the 0.063 mm sieve, and as the gravel content is 0 %, the sand is dominant, and so the wording "sandy" is added to the group symbol. According to the USCS classification, the soil is classified as "sandy silt" and is marked as ML. According to the ESCS classification, the soil is classified as "sandy intermediate plasticity silt" and is marked as saSiM.
Conclusion
The soil classification conducted for civil engineering purposes enables engineers in all countries of the world to study and understand soil test results in an easier way, while also facilitating communication between engineers and comparison of results obtained in different laboratories. The ISO and CEN have developed standards for the description and identification of soil, EN ISO 14688-1, and soil classification principles EN ISO 14688-2, which, according to the soil marking method, differ considerably from the formerly used national classifications, and from the most frequently used USCS classification, from which all national classifications have in fact originated. So far, 34 European countries, including Croatia, assumed the obligation, as CEN members, to accept and implement European standards through their national standardisation bodies. In order to enable transfer to the new soil marking method, and taking into account soil classification principles set to this effect, this paper proposes a comprehensive ESCS classification of soil which enables practical engineers to classify soil in compliance with the adopted European standards. The procedure for using the ESCS classification is also presented, and examples of comparison of soil classification results with the USCS classification are given. The examples presented in the paper show that soil classification procedures are quite similar, as the ESCS classification generally follows guidelines defined by the USCS classification according to ASTM D 2487, as well as the soil classification principles according to European standard EN ISO 14688-2, and this all the way to the soil group names, where soil group names partly differ, while the symbols are completely different.
